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The tumor suppressor function of the retinoblastoma protein (pRb) is historically attributed to inhibi-
tion of E2F gene transcription. In a recent issue of Nature Cell Biology, Binne´ and colleagues show
that pRB is physically linked to the active anaphase-promoting complex/cyclosome (APC/C) ubiqui-
tin ligase, suggesting that pRB-mediated tumor suppression may also function by directing the local
degradation of E2F targets, including Skp2 (Binne´ et al., 2006).In G1 phase, growth signaling path-
ways couple cell growth and the ini-
tiation of the cell division cycle by di-
recting the accumulation of critical
regulatory proteins, including cyclins.
To regulate cell cycle entry, the accu-
mulation of proteins required for DNA
replication and mitosis is suppressed
by at least two major mechanisms.
First, pRb pocket proteins suppress
transcription of E2F target genes,
which include cyclins E and A, the
replication initiator Cdc6, the SCF E3
ligase F-box adaptor Skp2, and the
E2F1 gene itself. Second, the APC/
CCdh1 E3 ubiquitin ligase is active and
directs the ubiquitination and degrada-
tion of specific substrates. Interest-
ingly, APC/CCdh1 substrates, including
the Skp2, cyclin A, and Cdc6 proteins,
are often themselves E2F targets.
The simple fact that G1/S phase
controllers are both repressed by
pRb and degraded via the APC/CCdh1
already suggests an overlap between
these G1 inhibitory mechanisms. As
an indication that these G1 regulatory
mechanisms are conserved, studies
in C. elegans showed that the Rb ho-
molog lin-35 and APC/C activator
fzr-1 (Cdh1) play genetically redundant,
yet cooperating roles in suppressing
cellular hyperproliferation (Fay et al.,
2002). A new study published inNature
Cell Biology (Binne´ et al., 2006) dem-
onstrates a direct physical link be-
tween the pRb protein and the APC/
CCdh1 ubiquitin ligase, providing an
important clue as to how cells coordi-
nately regulate transcription and stabi-
lization of G1 regulators.The current study uses a well-
characterized cellular model system
in which an inducible pRb is expressed
in p53- and pRb-deficient osteosar-
coma cells, leading to G1 arrest, cell
cycle exit (to G0), and cellular senes-
cence. Previous work using this sys-
tem established that the G1 arrest
and senescence response required
an increase in levels of p27Kip1 pro-
tein, a central inhibitor of G1 cyclin-
dependent kinases (Alexander and
Hinds, 2001). This increase in p27Kip1
was later linked to binding of pRb to
Skp2, the protein which binds and
targets p27Kip1 for degradation (Amati
and Vlach, 1999). One model pro-
posed that pRb would compete with
Skp2 for binding p27Kip1, blocking
ubiquitination and thus stabilizing
p27Kip1 (Ji et al., 2004). Binne´ and col-
leagues provide deeper insight into
this model by showing that pRb also
interacts with APC/CCdh1, the E3 ligase
that directs Skp2 degradation in G1
phase (Wei et al., 2004; Bashir et al.,
2004). These findings position both
the SCFSkp2 and APC/CCdh1 ligases in
the proximity of pRb and suggest that
localized destruction of Skp2 by
APC/CCdh1 results in p27Kip1 stabiliza-
tion in G1, when pRb is directing cell
cycle arrest (Figure 1). The interaction
appears to be specific for APC/CCdh1
and pRb, because related pocket
proteins p130 and p107 did not bind
APC/CCdh1. As a further indication of
specificity, pRb bound only to the
G1-associatedAPC/Csubstrate adap-
tor protein, Cdh1, and not the mito-
tic APC/C adaptor, Cdc20.Developmental Cell 12This exciting new finding integrates
several cellular pathways that nega-
tively regulate protein accumulation
and cell cycle progression. This coa-
lescence of negative control is further
supported by the presence of the
pRb/APC/CCdh1/Skp2 ternary com-
plex in G0 cells, but not in dividing
cells. This observation raises many
questions about the role and regula-
tion of the complex during cell cycle
progression. For example, is destruc-
tion of APC/CCdh1 substrates in the vi-
cinity of pRb required to repress E2F
target gene expression during mitosis
or during a specific time in G1? If in
G1, do known signaling pathways
regulate the presence or function of
the complex? A dissection of these
processes is somewhat complicated
in mammalian cell systems because
of the functional overlap between E2F
and DP (E2F’s obligate heterodimer)
family members. That complexity in-
vites additional studies in the elegant
worm system.
Degradation of Skp2 by pRb-
associated APC/CCdh1 appears to re-
quire a determinant of pRb indepen-
dent of binding to and repressing
E2Fs. Supporting the idea of separate
functions, sizing of pRb-associated
proteins separated complexes con-
taining pRb/DP1 versus pRb/APC/
CCdh1 (Binne´ et al., 2006). One idea
is that E2F-free pRb could direct ubiq-
uitination of excess E2F transcriptional
target proteins. This model would be
consistent with the observation that
pRb and APC/CCdh1 associate when
pRb is overexpressed., February 2007 ª2007 Elsevier Inc. 169
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PreviewsFigure 1. Coordinate Control of the G1-G0 Transition by Transcriptional Repression
and Protein Degradation Mechanisms
The pRb protein acts to repress E2F/DP transcriptional regulation, leading to the suppression of
important G1/S regulatory genes. A new study by Binne´ and colleagues (Binne´ et al., 2006) shows
that pRb also binds to APC/CCdh1, a G1-specific E3 ligase that targets G1/S and mitotic regulators
for degradation. pRb-bound APC/CCdh1 is active and directs local degradation of the pRb-bound
Skp2 protein. This in turn inhibits p27Kip1 destruction by the SCFSkp2 and thus increases p27Kip1
protein levels. pRb-associated APC/CCdh1 activity is suggested to be important for pRb-induced
G1 arrest and G0 entry. Unresolved issues (question marks) include the relative functional roles
and physical association of various pRb- and APC/CCdh1 subcomplexes and whether this interac-
tion is organized on chromatin or elsewhere in the cell.As a further consideration, APC/
CCdh1 binds additional regulators and
substrates, including the APC/CCdh1
inhibitorEmi1.Emi1bindsasapseudo-
substrate to both the APC/C core and
Cdh1 activator (Miller et al., 2006).
The pRb-bound APC/CCdh1 is catalyti-
cally active and ubiquitinates substrate
in vitro (Binne´ et al., 2006), suggesting
that it is free of Emi1 in G0. Indeed,
G0 cells lack Emi1, suggesting the
possibility that binding of APC/CCdh1
to pRb is exposed only when Emi1 is
absent. Similar to Skp2, Emi1 is itself
an E2F target gene (Hsu et al., 2002).
It will be interesting to know whether
Emi1 alters the interaction of pRb and
the APC/CCdh1 in addition to inhibiting
the APC/CCdh1 activity directly. Since
pRb also regulates Skp2 and Emi1 ex-
pression, it will be important to assess
the relative contribution of pRb repres-
sion of Skp2 and Emi1 transcription
and pRb-APC/CCdh1-mediated protein
degradation to G1 control.
The existence of multiple pRb and
APC/CCdh1 subcomplexes raises the
intriguing possibility of functional com-
petition among the various regulators170 Developmental Cell 12, February 20(Figure 1). Structural characterization
of the various interaction modules,
such as pRb-Cdh1 interaction, would
be an important step toward under-
standing the interplay between pRb
and APC/CCdh1 subcomplexes.
pRb-mediated gene repression has
typically been studied using overex-
pression of either strong or weak
tumor-associated Rb alleles. For
example, re-expression of the R661W
pRb mutant, a mutant with reduced
E2F binding affinity, leads to p27Kip1
accumulation and G1 arrest. This G1
arrest was previously ascribed to an
E2F repression-independent function
for pRb. However, crystallographic
studies revealed that in addition to
the pRb E2F transactivation domain
binding A/B pocket (which contains
R661), another pRb pocket (C) contrib-
utes substantially to E2F/DP hetero-
dimer binding (Rubin et al., 2005), sug-
gesting that this allele was not strictly
E2F independent. This highlights the
necessity to clearly define the molecu-
lar determinants for pRb to direct tran-
scriptional repression versus protein
degradation.07 ª2007 Elsevier Inc.Lastly, the current findings pose the
important question of where and when
in the cell pRb functions to direct
APC/CCdh1 activity and protein degra-
dation. Does pRb interaction with the
APC/CCdh1 activate its E3 ligase activ-
ity, or does pRb merely serve as an
anchor to tether the APC/CCdh1 to its
substrates? Is this anchor localized
on chromatin? And does the ability of
pRb to regulate Skp2 ubiquitination
extend to other APC/CCdh1 sub-
strates? The current study strongly
underscores the importance of linking
protein destruction mechanisms to
localized intracellular compartments.
Sorting out the mechanisms for local
destruction will be a great delight to
both cell and structural biologists for
years to come!
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